Background: Impairments in facial affect recognition are well documented in individuals suffering from schizophrenia. The aim of the present study was to characterize potential impairments in affect recognition and their electrophysiological correlates in at-risk individuals. Such characterization should add to the question whether the neural processes underlying facial affect recognition deficits might be part of a basic neural dysfunction reflecting a vulnerability factor of schizophrenia. Methods: To test facial affect recognition, a digitized series of pictures of facial affect, previously used in related studies, was presented to 37 at-risk individuals and 32 healthy controls. Simultaneously, event-related potentials (ERPs) were recorded to investigate electrophysiological activity during the task. Results: At-risk individuals showed significant impairments in facial affect recognition and reduced amplitudes in the ERP components P100, N170, and N250. Furthermore, prodromal signs in these individuals were associated with a poorer task performance and a diminished N250 amplitude. Conclusions: The findings suggest that impairments in facial affect recognition precede the onset of the initial psychotic episode. The impairments are associated with neurophysiological abnormalities similar to those observed in manifest schizophrenia and therefore may serve as indicators of vulnerability for developing schizophrenia.
Introduction
Individuals with schizophrenia exhibit impaired emotional functioning, including difficulties in recognizing and discriminating facial affect. 1 During the past 2 decades, schizophrenia researchers have become increasingly interested in cognitive disturbances, particularly impairments in facial affect recognition. One reason for this increased interest is the robust association between impairments in facial affect recognition and poor social and community functioning. 2, 3 Moreover, the loss of social cognitive skills, decreased social integration, and social withdrawal associated with the disorder seem to be among the most devastating symptoms. 4 If the impairment in facial affect recognition was found to be present in individuals at risk, together with notable abnormalities in neurophysiological correlates, specific early interventions targeting social cognitive processes could be initiated. Another reason for the interest in impairments in facial affect recognition is the assumption that such impairments may have a role in the etiopathogenesis of schizophrenia as a vulnerability factor 5 or putative endophenotype. 6 Impairments in facial affect recognition have been shown to occur not only in multiple-episode patients but also in first-episode patients 7 and to be stable in longitudinal studies independent of the acuity of the psychosis and despite clinically effective treatment. 8, 9 Beyond its association with schizophrenia and its independence of state, a putative endophenotype needs also to be found at a higher rate in unaffected relatives and at-risk individuals than in the general population. 6 There is increasing but inconsistent evidence for impaired processing of emotional faces in individuals at risk for schizophrenia: A few studies found impaired facial affect recognition in unaffected biological relatives 5, 10 and in individuals in a prodromal state 11, 12 but another found no noticeable problems in individuals at risk for schizophrenia. 13 Thus, more evidence is needed to answer the question whether facial emotion recognition deficits are vulnerability markers for schizophrenia.
Although there is some evidence that facial affect recognition deficits relate to abnormal functioning in the neural network underlying face processing and emotional recognition, 3 the pathophysiological processes remain largely unclear. Event-related potentials (ERPs) in the electroencephalogram (EEG) have provided important spatiotemporal information on the information-processing stream.
14 ERPs offer the advantage that they disclose mechanisms associated with difficulties in recognizing facial emotions by precisely tracking the time course of cognitive processing with a resolution of milliseconds. Deficits in face processing may be studied based on when an abnormality occurs in the temporal stream of information processing, ie, by distinguishing the relative contributions of early perceptual and later cognitive aspects of a task.
Emotional face stimuli elicit particular ERP components during perception and processing. 15 A positive potential about 100 milliseconds after stimulus onset, the P100, is recorded at posterior occipital electrodes and reflects early sensory processing of visual stimuli. This component was shown to be smaller in schizophrenia patients than in controls in studies using several nonface stimuli 16, 17 or stimuli with emotional content, 18 hinting at reduced emotional modulation of early occipitotemporal activity. 19 Other studies using facial stimuli found the P100 component to be intact, suggesting that sensory perceptual processes and the successful categorization of stimuli are preserved. 20 Looking at faces elicits a ''face-selective'' negative waveform that peaks approximately 150-180 milliseconds poststimulus and is observed at occipitotemporal sites, reflecting early perceptual processes of structural encoding of the face. 21 This component, labeled N170, is thought to arise primarily from the fusiform gyrus and can be differentiated from responses to other classes of stimuli. 22 An amplitude reduction of the N170 during face and facial affect recognition in schizophrenia patients is being discussed as indicating deficits in emotion decoding as a consequence of impaired structural encoding of facial features. 23 A presumably affect-related negative component is observed at fronto-central sites that peaks at approximately 250 milliseconds (N250). It has been related to the recognition of complex aspects of facial information (such as emotional content and identity) that associate the face with semantic information. 20 Previous studies in schizophrenia delivered conflicting results on the N250: while some found intact N170 amplitudes and reduced N250 amplitudes (implying a specific problem in decoding of emotional information), 20 others found abnormally small N170 amplitudes but normal N250 responses (suggesting impaired facial feature encoding but unaffected emotion decoding). 24 Although facial emotion recognition and its neurophysiological correlates are well documented in acute schizophrenia, to our knowledge no previous study has used ERPs to study individuals at risk for schizophrenia. The present study compared such individuals with healthy controls to investigate whether at-risk individuals show impairments in facial affect recognition and its neurophysiological correlates. It was hypothesized that at-risk individuals show poorer affect recognition performance and abnormalities in ERP components as correlates of impaired encoding of facial features and affect decoding processes. On the one hand, such a pattern of results would add evidence to the assumption that facial affect recognition constitutes a vulnerability factor for schizophrenia and thus might open new windows to the neurobiology of the disorder. On the other hand, the presence of such impairments in affect recognition in atrisk individuals would indicate that respective remediation approaches should be included in the development of indicated prevention strategies.
Methods and Materials

Participants
The present study was a subproject of 2 larger early recognition and early intervention studies 25, 26 performed within the framework of the German Research Network on Schizophrenia. 27 A total of 37 individuals at risk for schizophrenia were recruited from people referred to the Dü sseldorf Early Recognition and Intervention Centre (DERIC) at the Department of Psychiatry and Psychotherapy of the University of Dü sseldorf, Germany. For comparison, 32 healthy controls matched for age and gender were recruited from the community via advertisement posters placed in the hospital. Exclusion criteria were age below 18 and above 36 years and, for the healthy comparison group, a lifetime diagnosis of a neurological disorder or a disorder affecting the central nervous system. Inclusion criteria included clinician ratings of early initial prodromal signs (early initial prodromal state, EIPS) or late initial prodromal signs (late initial prodromal state, LIPS). 25, 26, 28, 29 Individuals at risk were screened by the Early Recognition Inventory (ERI) 28 and then subjected to detailed diagnosis. The EIPS relies on a set of basic symptoms (ie, subtle, subclinical, self-experienced disturbances in thought, speech, and perception processes that are rarely perceivable by an observer) to define an at-risk status, 30, 31 whereas the LIPS resembles the ''ultra-high risk'' state, in which the individual experiences attenuated psychotic symptoms or brief limited intermittent psychotic symptoms. 26, 32 In the present study, EIPS criteria were defined by the presence of thought interferences, preservation, pressure, and blockages; disturbances of receptive language, either heard or read; decreased ability to discriminate between ideas and perception, fantasy, and true memories; unstable ideas of reference; derealization; and visual and acoustic perception disturbances. Basic symptoms had to have appeared continuously, ie, several times a week, in the past 3 months. Alternatively, an early prodromal state was assumed if there was a reduction in the global assessment of functioning score (DSM-IV) of at least 30 points within the past year in combination with at least one of the following risk factors: a first-degree relative with a lifetime diagnosis of schizophrenia, a schizophrenia spectrum disorder, or pre-or perinatal complications in the individual under investigation.
Inclusion criteria for the LIPS group comprised the presence of at least one of the attenuated positive symptoms-ideas of reference, odd beliefs or magical thinking, unusual perceptual experiences, odd thinking and speech, and suspiciousness or paranoid ideation-several times a week for a period of at least 1 week within the past 3 months.
All participants were given the Structured Clinical Interview for DSM-IV. 33, 34 Persons with any of the following conditions according to DSM-IV criteria were excluded from the study and referred to other specialized services: schizophrenia, schizoaffective disorder, schizophreniform disorder, psychotic mood disorder, dependency on alcohol or drugs, any other mental disorder due to somatic factors, mental retardation, acute suicidal risk, delusional or bipolar disorder, or a present or past diagnosis of a brief psychotic disorder with a duration of 1 week or more. Ratings were performed by specially trained psychiatrists and psychologists.
At the time of the study, the 37 at-risk individuals had a mean age of 23.8 years (SD = 3.3) were neuroleptic naive and were also free of any other psychopharmacological medication. The group of at-risk individuals consisted of 21 early prodromal persons (EIPS; mean age 24.4 6 5.8 years) and 16 late prodromal persons (LIPS; mean age 25.4 6 6.5 years). The 32 comparison subjects were 24.3 years old (SD = 3.4). There were no between-group differences in age (F 1,66 = 1.32, P = .27). Furthermore, groups did not differ regarding intelligence (EIPS: IQ = 107.8 6 11.9; LIPS: IQ = 107.3 6 14.8; controls: IQ = 108.3 6 14.3; F 1,65 = 0.19, P = .90). Positive and negative symptoms were measured by the positive and negative syndrome scale (PANSS) 35 and were in the very mild range in the group of at-risk individuals (PANSS negative: mean = 11.2 6 4.0; PANSS positive: mean = 9.2 6 2.2).
Because there was no significant difference between the EIPS and LIPS subgroups of individuals at risk for schizophrenia regarding either performance (P > .65) or electrophysiological parameters (P > .28), the 2 subgroups were combined to one group of at-risk individuals which was then compared with the healthy controls in the further analyses.
All participants were right handed and had normal or corrected vision. Participants' characteristics are shown in table 1.
Procedures
After an initial screening, participants were given a comprehensive verbal and written description of all study procedures to ensure that they were able to follow the study procedures and knew the potential risks and benefits of study participation. All participants provided written informed consent. The study was approved by the University of Dü sseldorf's institutional ethics committee. EEG recordings were made within 2 days of inclusion in the main intervention studies.
Stimuli and Task
Thirty digitally reworked face photographs selected from the ''pictures of facial affect'' by Ekman and Friesen 36 -which we used in our previous investigations 37 -served as stimuli for studying facial affect recognition. Five faces displayed the 6 basic emotions happiness, fear, anger, surprise, disgust, and sadness, with each face showing each emotion once. Pictures were adjusted for luminance and mounted in the center of the same mid-gray background subtending a visual angle of about 11°to 15°After a fixation cross was presented to indicate the area of the screen that the participants should look at, stimuli were presented in random order for 500 milliseconds. Participants were instructed to respond verbally by selecting the applicable emotion from a multiple-choice list containing the 6 facial emotions. The list appeared on the screen after a delay of 1 second (to avoid confounding motor effects) and was presented for a maximum of 8 seconds. Participants were required to enunciate a selected emotion, which was documented by the experimenter, even in case of uncertainty. A random interval of 1.6-2.2 seconds was set between the subject's response and the onset of the next trial.
EEG Acquisition
EEG data were collected from 28 electrodes, in accordance with the extended 10/20 system and digitized at 500 Hz. The recording reference was Cz. Vertical and horizontal electro-occulograms were recorded from the supra-to suborbit of the right eye and the outer canthus, respectively. Recordings were made with a Syn-Amp controlled through the SCAN software package (Neuroscan) and digitized with a sampling rate of 250 Hz. The impedance was kept below 10 kX at all electrode locations.
Event-Related Potentials
Data were analyzed by the software package Vision Analyzer 2.1 (Brain Products). Data were filtered off-line (band-pass 0.1-70 Hz with a 50 Hz notch filter) and baseline corrected to 200 milliseconds prestimulus, and trials with massive artifacts were automatically rejected. An independent component analysis was conducted to eliminate ocular activity (blinks) from the signal. 38 Three measurement windows for ERPs of interest were established on the basis of inspection of the waveforms and the windows found in previous studies 19, 20 : P100, a positive peak between 70 and 130 milliseconds at occipital sites (O1/O2); N170, a negative peak between 130 and 200 milliseconds at temporoparietal sites (P7/P8, TP7/ TP8); and N250, a negative peak between 200 and 300 milliseconds at fronto-central sites (F3/F4, FC3/FC4). ERP amplitudes were measured as peak-to-baseline values.
After artifact rejection, a mean of 22.9 trials per subject entered statistical analyses. The number of artifact-free trials did not differ between groups (F 2,36 = 0.09, P = .91).
Statistical Analyses
All statistical tests were two-tailed. To evaluate behavioral performance, the percentage of correct responses within the task of affect recognition was analyzed. Effect size was calculated using Cohen's d. 39 ERPs were analyzed separately for signal latency and amplitude at the corresponding electrodes and entered into repeated measures ANOVAs, including the Greenhouse-Geisser epsilon correction in case of violation of sphericity. The between-subject variable was group, and the repeated measures within-group variables were electrode position at the occipital site (O1/O2) for the P100 amplitude, at the temporoparietal site (TP7/TP8, P7/P8) for N170, and at the fronto-central site (F3/F4, FC3/FC4) for N250. In case of a significant main effect for group or interaction effects, including group, at the a < .05 level, post hoc tests were calculated using Tukey's correction to account for multiple testing.
Associations between ERP data, task performance, and symptoms were investigated by Spearman's correlation coefficients. In the case of ERP data, amplitude measures at component-specific electrodes (see above) were pooled and correlated as clusters.
In addition to analyses of the complete samples, supplemental analyses were conducted with subgroups of participants to control for potentially confounding effects of poor performance in emotion recognition. For these analyses, groups were matched on the basis of their performance by excluding 25% of poor performing at-risk individuals (n = 9) and 25% of high-scoring healthy controls (n = 8). Thus, subsequent analyses of correct responses and ERP characteristics were conducted with data from 28 at-risk individuals and 24 healthy controls; these analyses are reported separately in the results section.
Results
Behavioral Results
Regarding correct responses, a main effect of group (F 1,67 = 11.04, P < .001) indicated significantly worse performance in recognition of facial expression of emotions in at-risk individuals (mean = 21.9 6 3.1) than in controls (mean = 24.9 6 2.0). Calculation of effect size revealed a Cohen's d of 1.15, which is considered a large effect as it indicates that healthy controls outperformed at-risk individuals by more than 1 SD.
The 2 groups of at-risk individuals (EIPS and LIPS) did not differ in emotion recognition performance (t = 1.05, P = .29, d = .35; EIPS: mean = 22.4 6 2.3; LIPS: mean = 21.3 6 4.0) and were therefore grouped together for further ERP analyses.
Analysis of the performance-matched subgroups revealed no difference in emotion recognition performance (t = 1.3, P = 0.19) between at-risk individuals (mean = 23.2 6 2.5) and healthy controls (mean = 23.9 6 1.2).
EEG Results
The overall ERP waveforms of at-risk individuals and healthy controls were similar (figure 1). As expected, at occipitotemporal sites a positive peak occurred at about 100 milliseconds (P100) after stimulus onset and a negative peak at about 170 milliseconds (N170). At fronto-central sites, a negative peak occurred at about 250 milliseconds (N250) after stimulus onset.
No significant latency effects were observed when atrisk individuals were compared with healthy controls. P100. A repeated measures ANOVA for the P100 amplitude revealed a main effect of group, indicating a smaller amplitude in at-risk individuals than in controls (F 1,67 = 6.51, P = .01) (figure 1a). No other main effects and no interaction proved to be significant.
Results of analyses of subgroups matched for performance in facial affect recognition were similar, ie, a main effect of group was found (F 1,15 = 15.31, P = .01, controls > at-risk). This group effect was particularly obvious at occipital sites, as shown by an interaction of group and electrode (F = 6.35, P = .02).
N170. Analysis of the N170 amplitude showed a significant main effect of group, indicating smaller amplitudes in at-risk individuals than in controls (F 1,67 = 18.90, P = .0001). Furthermore, there was an interaction of group and electrode site (F 1,67 = 4.4, P = .03), with greater differences between at-risk individuals and controls at parietal sites than at temporoparietal sites ( figure 1a ). An interaction between hemisphere and electrode site (F 1,67 = 11.8, P = .001) was found at the temporoparietal site-amplitudes were larger at the left electrode (TP7) than at the corresponding right electrode (TP8)-whereas no hemispheric difference in amplitude was observed at parietal sites (P7, P8). This effect was most pronounced in healthy controls, as indicated by a 3-fold interaction (F 1,67 = 4.1, P = .05). The main effect of electrode was insignificant.
Supplemental analyses using subgroups matched for performance confirmed these results: a main effect of group indicated larger N170 amplitudes in healthy controls than in at-risk individuals (F 1,50 = 19.6, P < .001). This difference in amplitude was most pronounced at parietal sites (P7/P8), as indicated by an interaction of group and electrode (F 1,50 = 4.71, P = .03). A 3-fold interaction of group, electrode, and hemisphere located this effect particularly at the right parietal electrode (P8) (F 1,50 = 5.11, P = .02).
N250. For N250, a significant main effect of group indicated smaller amplitudes in at-risk individuals than in controls (F 1,67 = 6.8, P = .01). An interaction of group and hemisphere indicated larger differences between groups at electrodes on the right hemisphere (F 1,67 = 4.55, P = .03). Post hoc tests indicated that only N250 amplitudes at right fronto-central sites (F4 and FC4) differed between groups (figure 1b). No other main effects and no interaction proved to be significant.
The group effect indicating larger N250 amplitudes in healthy controls than in at-risk individuals was also present within the performance-matched group (F 1,50 = 5.3, P = .02).
Correlation of ERPs and Affect Recognition
There was a trend (r = À.29, P = .07) toward an association between poorer facial affect recognition performance (in terms of percent correct responses) and more pronounced negative symptoms (measured with the PANSS negative scale). Neither general psychopathology (PANSS general) nor positive symptoms (PANSS positive scale) correlated with affect recognition performance. PANSS scores, ie, positive, negative, and general symptoms, were not significantly associated with ERP components. Prodromal signs as assessed by the ERI were negatively correlated with the amplitude of the N250 component in individuals at risk for schizophrenia, ie, higher ERI scores were associated with smaller N250 amplitudes (r = À.35, P = .03). Neither N170 nor P100 amplitudes were associated with the ERI score.
Intercorrelations between ERP components only occurred for P100 and N250 (r = À.52, P < .01) but not for P100 and N170 amplitudes (r = À.20, P = .10). Spearman's correlation coefficients are provided in table 2.
Discussion
To our knowledge, the present study was the first to investigate neurophysiological correlates of facial affect recognition in individuals at risk for schizophrenia. During recognition of emotional faces, at-risk individuals showed significantly worse affect recognition performance and lower ERP amplitudes than healthy controls. The prodromal sample showed ERP abnormalities very similar to those previously reported in manifest schizophrenia. These findings add evidence to the assumption that particular cognitive and emotional dysfunctions precede the onset of initial psychosis. The results of the present study revealed similar deficits in individuals at early and late prodromal phases (EIPS and LIPS), suggesting that analogue characteristics are present in early and late stages of the initial prodrome of schizophrenia.
Our finding that individuals at risk for schizophrenia have an impaired ability to recognize emotional faces is in line with the observations that not only individuals with manifest schizophrenia (for a review, see ref. 40 ) and first-episode patients 7 perform significantly worse than nonpsychiatric controls but that (to a lesser extent) unaffected relatives of schizophrenia patients also show such impairments. 5 The present findings show that impaired performance in facial affect recognition already exists in at-risk individuals. Because emotion recognition is an important aspect of social cognition that underlies socially competent behavior, impaired recognition of emotions may be fundamental to an early risk of social decline, such as social withdrawal. 41 Although we do not know the exact transition rate to schizophrenia in the present sample, it has to be assumed that this particular deficit constitutes a stable attribute throughout the course of the disorder and therefore could serve as a vulnerability marker for schizophrenia. Together, the observations suggest a potential role for facial affect recognition as a social cognitive endophenotype for schizophrenia. 6 Beyond behavioral performance, we found a trend for task performance and prodromal signs to correlate with poorer performance in individuals with higher PANSS negative scores but no association between ERP components and general psychopathology. A correlation of the prodromal signs, as assessed with the ERI, with emotion PFA -r = .07, P = .67 r = .29, P = .07 r = À.01, P = .91 r = À.11, P = .51 r = .13, P = .42 ERP amplitudes P100 r = .21, P = .07 r = .04, P = .77 r = .01, P = .98 r = À.07, P = .66 r = .25, P = .13 r = À.08, P = .64 N170 r = À.18, P = .12 r = À.22, P = .19 r = À.13, P = .43 r = À.31, P = .06 r = .20, P = .22 r = .16, P = .33 r = À.20, P = .10 N250 r = À.14, P = .24 r = .09, P = .59 r = .04, P = .78 r = .18, p = .27 r = À.35, *P = .03 r = À.01, P = .97 r = À.52, **P < .01 r = .12, P = .29
Note: Abbreviations are explained in the first footnote to table 1. *P < .05, **P < .01.
recognition performance suggests that psychopathology is linked to social cognitive abilities, ie, facial emotion recognition, even before onset of the manifest disorder. Furthermore, ERI scores were negatively correlated with N250 amplitudes, indicating smaller amplitudes and lower performance rates in those individuals presenting more prodromal signs. However, the specific contribution of symptoms to the emotion recognition deficit remains unresolved and needs further investigation within the population of individuals at risk for schizophrenia.
The present study used ERPs as they provide insight into the neural mechanisms associated with the observed behavior. Analyses of performance-matched subgroups were conducted to ensure that the observed neurophysiological findings were not simply a matter of cognitive impairment in the group of schizophrenia patients. The subgroup analyses yielded similar results so that the observed abnormalities in ERP can be assumed to be associated with the at-risk mental state present in the group of individuals at risk for schizophrenia.
Regarding the ''face-selective'' N170 component, our finding that at-risk individuals showed lower N170 amplitudes than healthy controls confirms observations obtained in patients with schizophrenia. 18 As the N170 component is linked to the perceptual integration and structural encoding of faces, it is suggested that the observed reduction in N170 reflects dysfunctions in visual processing of facial structures. This finding seems to be at odds with our group's earlier work in schizophrenia patients, which found the N170 component to be intact. In the present study, the P100 preceding the reduced N170 component was smaller in at-risk individuals than in controls. The P100 is suggested to reflect early visual processing and categorization of stimuli and their physical characteristics (eg, contrast, luminance). The P100 shows larger amplitudes for stimuli presented at attended locations of the visual field than for those presented at nonattended locations. 42 Thus, these findings may reflect an impairment in fundamental visual processes in individuals at risk for psychosis. The diminished amplitudes of P100 and N170 indicate that a decrement in these early components may be responsible for the decrement in later face-evoked potentials such as the N250 43 and may therefore constitute a decrease of more general visual processing capacities in at-risk individuals. However, the lack of clear correlations between P100 and N170 amplitudes in the present study fails to answer this question as these signals may represent largely independent processes executed at the same time; accordingly, van der Stelt and colleagues 44 suggested that ''. highlevel attention-dependent cognitive deficits central to schizophrenia do not originate from potential preceding impairments at lower levels of sensory, perceptual, or cognitive processing .''.
In our previous study, unaltered P100 and N170 components were followed by a reduced N250 amplitude, suggesting deficits in higher order aspects of cognition such as decoding and interpreting the presented facial emotion against the background of intact encoding of facial features. 20 A significant correlation between P100 and N250 amplitudes further corroborates the assumption that this deficit may be a secondary flow-on effect of a more general deficit in the perceptual and structural encoding of faces (and other stimuli). Previous studies from other research groups also found prominent abnormalities in early visual processing in schizophrenia, suggesting that both early visual processing and subsequent ''higher level'' cognitive processing are severely impaired as a result of generally dysfunctional information processing. 43, 45 The question whether the facial emotion recognition deficits observed in both schizophrenia patients and atrisk individuals are specific to facial emotions or rather general to all facial information remains a matter of debate. The hypothesis that impairments in facial affect recognition are specific to the processing of the affective information is supported by the observations that facial detection of gender seems intact 19 and that patients show diminished amplitudes during affect recognition but not during categorization of blurred faces. 20 The present finding of reduced P100 and N170 amplitudes supports the assumption that the facial affect recognition deficit is not specific to emotions but may be general to faces. However, as has been recently shown, emotion recognition takes place as early as within the first 100 milliseconds of face processing within a distributed brain network. 46 This finding suggests that the interpretation of P100 and N170 as correlates of pure structural encoding processes may be an oversimplification of human information processing that needs to be addressed by future research.
In addition to reduced N170 amplitudes, we found reduced N250 amplitudes in the at-risk individuals, indicating that these individuals may have disturbed cognitive processing in terms of associating the structural representation of the face with semantic and contextual information. Contrary to the present study, earlier studies did not find significantly decreased N250 amplitudes in schizophrenia patients. 23, 47 This may be explained by the different tasks presented. Herrmann et al 47 presented pictures of only 4 different persons, displaying 3 different emotions, with each picture being shown 8 times. After approximately 8 presentations, the subjects had to verbalize the emotional expression of the last face. Turetsky and colleagues 23 presented happy, sad, and neutral faces very briefly, thus preventing participants from strategically observing stimulus features and forcing them to spontaneously process elemental facial features indicative of emotional qualities. In our study, 30 different faces (6 basic emotions) were presented and subjects were asked to classify each face. The divergence between our results and those of the studies just mentioned may be explained by the "greater difficulty" of classifying more facial emotions than merely contrasting happy, sad, and neutral faces or classifying only 4 different persons. These methodological differences (eg, facial expression decoding vs face recognition) may mean that these studies cannot be satisfactorily compared and that future studies are therefore needed to address this effect. To investigate the processing of emotional material in individuals at risk, the present study used stimuli showing 6 basic emotions but did not include neutral faces. Because the present study found that poorer performance in general affect recognition in at-risk individuals was associated with abnormalities in the neurophysiological correlates, future studies are needed to extend the earlier findings. Of particular interest are the questions of whether prodromal patients show impairments in recognizing particular emotions and whether these impairments are associated with abnormalities in emotion-specific ERPs.
Conclusions
The reliable discrimination of emotional expressions in faces is essential for adequate social interaction. The results of the present study demonstrate that this ability is impaired in individuals at risk for schizophrenia, ie, before the onset of the manifest disorder. Furthermore, the fact that the EEG abnormalities we found in at-risk individuals in this study are qualitatively similar to those in schizophrenia patients identified in earlier studies suggests that the neural processes underlying facial affect recognition deficits might indeed be part of a basic neural dysfunction reflecting a vulnerability characteristic or an endophenotype of schizophrenia. 6 This knowledge in future may facilitate the detection of at-risk individuals in an early stage of developing schizophrenia and may thereby enable targeted early interventions.
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